Just over 60 yr ago, the science of cryobiology and cell preservation was undergoing revolutionary progress following the discovery that glycerol could act as a functional cryoprotectant for spermatozoa [1] . This discovery set the scene for many major new technological developments and revolutionized much of the cattle breeding industry by facilitating the long-term storage of spermatozoa. From there came the genetic selection procedures that have resulted in the advanced dairy herds we see today. A little over 20 yr later, David Whittingham and his colleagues, Stanley Leibo and Peter Mazur [2, 3] , worked out how to freeze and store mouse embryos, a further notable step forward in the search for methods to preserve gametes and embryos. This issue of Biology of Reproduction includes another massive step forward that will rank alongside the landmark discoveries mentioned above. In this case, demonstrate that nuclei (also known as germinal vesicles) can be isolated from immature cat oocytes, preserved by air-drying, and then revived by reinsertion into fresh cytoplasts (enucleated oocytes), and are able to resume meiosis (Fig.
Just over 60 yr ago, the science of cryobiology and cell preservation was undergoing revolutionary progress following the discovery that glycerol could act as a functional cryoprotectant for spermatozoa [1] . This discovery set the scene for many major new technological developments and revolutionized much of the cattle breeding industry by facilitating the long-term storage of spermatozoa. From there came the genetic selection procedures that have resulted in the advanced dairy herds we see today. A little over 20 yr later, David Whittingham and his colleagues, Stanley Leibo and Peter Mazur [2, 3] , worked out how to freeze and store mouse embryos, a further notable step forward in the search for methods to preserve gametes and embryos. This issue of Biology of Reproduction includes another massive step forward that will rank alongside the landmark discoveries mentioned above. In this case, Graves-Herring et al. [4] demonstrate that nuclei (also known as germinal vesicles) can be isolated from immature cat oocytes, preserved by air-drying, and then revived by reinsertion into fresh cytoplasts (enucleated oocytes), and are able to resume meiosis (Fig. 1 ). This represents a new method for the long-term preservation of the female genome, something that is currently very tricky and unreliable because oocytes are such large and complex cells. In this study, the cat is acting as a model species, but there is every reason to suppose that the technology will be more widely applicable.
Observations that biological materials can be preserved by drying actually have a long and interesting history. As far back as 1702, Antony van Leeuwenhoek, the first microscopist, realized that the small ''animalcules'' (now known to be rotifers) that he observed swimming in rainwater could survive being dried, and that they could readily be revived when their watery environment was restored. He described their revival after adding water as follows:
. . . and when it (the sediment of dried materials) had settled to the bottom of the glass, I examined it and perceived some of the animalcules lying closely heaped together. In a short time afterwards they began to extend their bodies, and in half an hour at least a hundred of them were swimming about the glass.
These and other early observations were revisited and described in detail by David Keilin [5] in his Leeuwenhoek lecture to the Royal Society in London in 1959. This paper remains a treasure trove of information about the biological phenomena associated with desiccation, which have fascinated both professional and amateur scientists alike for over 300 yr. These findings stimulated discussions, controversies, and several feuds among famous scientists of the past, and even led to questions about the nature of life and death. It appeared to some that these desiccated forms of life were so inactive and apparently lifeless that they presented a paradoxical form of ''latent life'' with the ability to be resurrected given an appropriate environment.
Another avenue of research, championed for many years by John Crowe and his colleagues, has contributed to the present successful desiccation of germinal vesicles. It involved the realization that some sugars, trehalose in particular, have the capacity to stabilize membranes and proteins under dry conditions [6] . It is no coincidence that this disaccharide occurs naturally in freeze-tolerant and desiccation-tolerant organisms, and that its concentration typically increases in response to those adverse conditions [7] . Many researchers have followed this lead by adding trehalose to (hydrated) cryopreservation media, but in the present context of germinal vesicle preservation the authors have taken the direct approach and have gone back to using it for desiccation.
Although these previous lines of research are interesting in their own right, the present authors took an additional leap of ingenuity by considering the merits and advantages of desiccating germinal vesicles rather than whole oocytes. They asked themselves whether they really needed to deal with the whole oocyte when all they wanted to preserve was the DNA inside the germinal vesicle. Had they not tried this approach, they are unlikely to have succeeded in their quest to preserve the maternal genome without causing much nuclear membrane and DNA damage (assessed by use of the comet and TUNEL assays). That is an important qualification in this research and implies strongly that these desiccated germinal vesicles can likely be stored at room temperature for many years without suffering further DNA damage. Now that this promising technique has been developed, what are its advantages in terms of preserving genetic materials? The most obvious advantage is that the samples can easily be stored without the need for costly freezers or liquid nitrogen containers. It is also the case that there are many more oocytes at the germinal vesicle stage than at more mature stages, thus both increasing efficiency and eliminating the need to induce oocyte maturation by hormonal stimulation. In practical terms this methodology should facilitate hugely the collection and storage of genetic materials from a wide variety of species for the purposes of genetic resource banking. It is especially appropriate and satisfying that the authors of this paper, who, for many years, have been among the most persuasive and persistent advocates of the wildlife genetic resource banking movement [8, 9] , are responsible for this new development. Looking towards future applications of their novel approach, it is logical to suggest that it could be useful for conservation, biomedical, and even industrial projects concerned with nonmammalian taxa, especially fishes and amphibians, where traditional approaches to oocyte and embryo cryopreservation have been to date almost completely unsuccessful. There may also be clinical applications in biomedicine for storing the maternal genome of women, just as spermatogenic cells from prepubertal human male cancer patients are now being stored prior to radio and chemotherapy treatments.
From my own point of view, one of the most satisfying aspects of this research is the fact that the novel advance has emerged by combining historically important scientific studies about life in the dry or frozen state with the latest technologies available (micromanipulation for germinal vesicle [GV] extraction and restoration, DNA assessment methods, drying methods, etc.). In this age of the Internet, where many papers published prior to the 1960s are now long forgotten and obscure, this is a welcome reminder that advances come about through both old and new knowledge, mixed with a good deal of inspirational thinking.
